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1. Introduction

—

> The application of the Wald SPRT to life testing of equipment,

having an exponential distribution of the interfailure times, has been in
practice from the fifties {ses2acks—{19714-pp. ﬁﬁﬁ}).'4The problem

discussed in the present paper is that of the exact computation of the
distributions of the stopping times, and the determinatixp of confidence

limits for the meantime between failures (MTBF), 6, after stopping. - > -
More specifically, we consider a life testing, or reliability acceptance
test, in which n identical systems are put on test. Whenever a failure
occurs it 1is instantaneously repaired, the time of failure is recorded,
and the system continues to be tested. The total number of failures

of the n systems, in the time interval (0,t], is a Poisson process,
Xn(t), with mean nt/€, where 6 is the MIBF. 1n Section 2 we present

a modified Wald SPRT, for the determination of the stopping time, and
the decision of whether to accept or reject the hypotheses

H.: 6>6,vs, H: 6 < 6

0 -0 1 < 6, for some 0 < 6, < 6, <« In Section 3

_j -
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we define the distriburions of the stopping times at acceptance or at
rejection, and the distribution of the actual stoppin; time. In Section

4 we show how one can determine confidence intervals for 8 after stopping.
The formulae on which the algorithm for the determination of the distribu-
tion of the stopping times, the acceptance probabilities and average test
length are given in Sections 5 and 6. A BASIC program for the computa-

tions is given in the Appendix.

The problem of determining confidence intervals after sequential
stopping is discussed by Siegmund (1978, 1985) and Wijsman (1981).
Siegmund shows how one can apply results from renewal theory to obtain
approximations to the required distributions. By utilizing the specific
properties of the Poisson process, as a non-decreasing process, of
unit jumps, we have developed recursive equations for exact computations.
The algorithm is practical with the available modern equipment. It can

be easily executed with a. desk top computer.

;}: 2. Stopping Boundaries for Reliability Testing

In Figure 1 we present the stopping boundaries of a modified
SPRT. The modification of the SPRT 1s in the introduction of an upper

¢ bound, ks, for the number of allowed failures. We assume that

ks > ko + kl. Let Xn(t) denote the total number of observed failures

of n units on test, in the time interval (0,t]). The rule is that the
experiment is terminated when the process, Xn(t), either crosses the
upper (rejection) boundary, or intersects the lower (acceptance)

boundary. The upper (rejection) boundary is given by

*
k1+bt, if 0<t<t
b, (t) N . (2.1)
k , if t" <t< t
S -— -
pl *
' where kl is a positive (inte er) intercept, and t = (ks - kl)/b' Tl

slope b is determined to achieve certain characteristics, which will be

discussed in the next section. The lower boundary for acceptance is

. Ce -
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given by the line

b,(t) = -ky +bt, 0 <t < t**

o (2.2)

T
where t = (ks + ko)/b, and ko is an integer. The value of t = ko/b

k
is the minimal time required for acceptance. By increasing the Salue of
ko (with a fixed slope b) we defer the minimal acceptance time and thus
decrease the probability of accepting the product. By increasing the
value of kl we decrease the probability of rejecting the product, and
by increasing the value of the slope b we increase the probability of

accepting the product,

3. Distribution of Stopping Times and the Characteristics
of the Sequential Procedure

We distinguish between two stopping variables, stopping while
crossing the acceptance boundary, and stopping while crossing the
rejection boundary. We denote the stopping time at acceptance by Ty
and the other one by TR* The life testing terminates at time epoch T,
which is the smaller of T, and Tps i.eo, T = min{TA, TR}. Obviously,

= A = .
either 1 = T, OF T = T Let F6 (t) = PO{TA < t} be the cumulative
distribution (CDF) of Ty when the MTBF is 6. Let FeR(t) be the

corresponding CDF of TR, and Fe(L) that of 7. Since one termiunates

either with 1, or with 1

A R’
. A R
Fe(t) = }e (t) + F& (t), (3.1)

and since T < ts’ where t, = t** 1/b, Ye(ts) = 1. On the other hand

A R

< C i
FG (ts) 1 and Fe (ts) < 1. Notice also that tko < Tyo and T, can
accept only the values tko vy " tko + i/b, i=0,1,2,...,kS - 1.
Accordingly, Fe‘(t) = 0 for 11l t < tk . The distribution of Ty is
0
discrete, with jumps at tko +{° of size
- 4 -
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A
Py 1) = Pe{l‘A = i=0,...,k_ =-1. (3.2)

The value of FeA(t) at t t, + (ks - 1)/b is the probability of

kotk -1 T Tk
acceptance. We denote this probability by m(6). The distribution of

TR’ FeR(t), on the other hand is continuous. Explicit formulae for

FBR(t) and FeA(t) are given in Section 5. In Table 1 we present numerical
vezlues of these distributions, for the case of N = 20, ko = 6,
kl = 11, ks = 50, b= 29 and § = 3,500 [hr]. We see in this table that

the acceptance prcbability with the specified boundaries is 7 (3,500) = .4121.

The 10-th percentile of Fe(t) is 1 10 = .75 % 3,500 = 2,625 [hr].

The median is 1 50 = 2.13 x 3,5C0 = 7,455 [hr] and the 90-th percentile
is T gp = 2.55 x 3,500 = 8,925 [hr]. The expected stopping cime, or

average test length (ATL) can be easily computed by the approximation

formula
k0+ks—1 .
BRI IUCVRS PR (3.3)

ATL(8) =

o=

0. A formula for the

by

where t, = i/b, i = ],2,...,kS +k -1, and t

0 0

exact computation of ATL(3) is given in Section 6. In Figure 2 we
present the graphs of the acceptance probability fuiction, T(6), and the
functions ATL(6) and the median stopping time T 5(6).

We see that the average test length attains a maximum value of
1.9 [3,500 hr] when 6 = 3,500 [hr]. On the other hand, when 0 < 2,500
[hr] or & > 4,500 [hr] then ATL(8) < 3,500 [hr], which is almost 50%
savings in total time on test. There is sore discrepancy between

ATL(®) and T 5(e). When 6 < 2,300 [hr] or & > 3,750 [hr], ATL(®) > 1 5(6).

-5 -
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) Table 1
I -
T The distributions of Tp, T, and T,

for kl = 11, k, = 6, ks = 50, b = 20.

0

6 = 3500, T is in units of 3500 hr

T Fg(n) Fg(T) Fo (1)

0.05 G 0000
0.10 0., 0000
0.1%5 0. 0000
0.20 O, OOH0
0.2% 0. Q0001
0.30 0. 0002 0.002% 0.0027
0.3% 0. 0004 0. 0080 ©.00B4
0.40 0. 0008 0.0160 0.0168
0.45 0.0013 0.0260 0.0273
0.50 0.092¢ 0.0373 0.0394
0.55 0.0029 0.04%96 0.0525
0.60 0.0010 0,062 0. 06463
0.65 0.00353 0.0753 0.0806
0.70 0.0048 0.0883 0. 0952
0.75 0. 0086 0.1013 0.1099
0.80 0.010% 0.1141 0. 1246
0.85% 0.0126 0. 1266 0.1392
0.90 0.0148 0.1389 0.1537
0,95 0.0172 0. 150% 0.1¢68B1
1.00 0.0198 0.18625 0.1823
1.05 0.0225 0.1738 0. 1963
1.1¢0 0.0252 0.184/ 0,2100
) 1.15 0.0282 0.1953 0.2236
1.20 0.0313 0.2056 0. 2369
1.25 0.0344 0.21546 0.2500

o 1.30  0.0X76 0.2252 0.2678
3N 1.35  0,0409 0.224&  0.2755
N 1.40 0.04587 0.2337  2.2878
~t 1.45 ©€.0476 0.2524  0,3000
b 1.50 0.0510 ©0.2610 0.3129

1.55 0.0%4% 0.2692 0.32%7
1.60 0.0579 0.2772 0.3352

K. 1.65  0.0615  0.2850  0.3446%
o 1.70 0,06%0 0.2926 0.3%576
e 1.75 0.06B6  0.2999  0.3685
._; 1.80 0.0721 0.3070 0.3791
A 1.85  0.0757 0.3139  0.3876
- 1.90 ©0.0793 0.3207 0.3999

. 1.95 0.0828  0.3272  0.4100

AN 2.00 0.0955 0.33I3& ©.4271
. 2.0% 0.1111 0. 398 G. 4509

>t 2,30 0,1X55  0.3453 0.4814
. 2,15 0.164Y 0.3517 0.5180

2.20 0.2026 0.3574  0.5401

s 2,95 0.2437 G360 0.6068

F- - S.30  0.2688%  0.3468%5  0,6568

- 2% 0. XISO 0.TI738 0 0.7087
= 2,40 0.3820 0.3790 0.7610

= 2,45  0.4277 0.384C 0.8118
S 2.%0 0,4704 0.3890 0.8594
e 2.5% 0.508% 0.3938  0.9021
& 2.60 0.%400 0.398S5 0.938%
ey 2.6%5 O0.564%  (.4031 0.9474

ey 2.70 0.5804 0.4077  0.9880
o 2.75% 0.5879  (.412) 1. OUO0
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This reflects that the distributions Fe(t) are positively skewed in
those ranges. On th2 other hand, if 2,650 < 6 < 3,750 then

T 5(8) > ATL(8), corresponding to negative skewness of Fe(t). The

graph of m(8) shows that the probability of accepting a product whose
MTBF is less than 3,000 [hr] is not exceeding .l. On the other hand,
if the MTBF is greater than 4,500 {hr] then m(8) > .9.

4., Confidence Limits for the MTBF

In Figure 3 we present curves for the determination of the
confidence limits for the MTBF, as a function of the stopping time T.

If T = TA we use the curves at the acceptance region. The curve

designated by LCL is actually the graph of the 20-th percentile of

.8

the distribution of T FeA(t), as a function of 6. We obtain this

A’
graph by computing the distribution FeA(t) at various values of 8

greater than 3,175 [hr]. As seen in Figure 2, 7 (3,175) = .2. Thus,

the graph of T (6) at 6 = 3,175 is located at 7, = 2.75 [3,500 hr},

A,.2 A

which is the largest value that TI can assume. We find the lower

confidence limit for 6, at confidence level of Y = .8, by reveise
interpolation in Figure 3. If for exanple, in an actual life testing

we terminate with 7, = .75 {3,500 hr), we read in Figure 3 the value of

A

6 which yields 1 2((3) = .75, namely € = 4,000 [hr]. The lower

A,

confidence limit is { 8(.75) = 4,000 [hr]). 1i 1A = .5 [3,500 hr]

then € 8(.50) = 5,000 [hr]. Notice that the corresponding lower
confidence limits for Y = .9 are read from the graph labeled LCL 9

to be 6 (.75) = 3,500 [hr] and & 9(5) = 3,875 [hr]. 1f1 =1

9 R’
that is the test itself rejects the product, upper confidence intervals
for 6, at confidence levels of Yy = .8, .9 and .95 can be determined

by using the curves at the rejection region of Figure 3, If, for

- 8 -
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) .
fjf example, TR = 1.25 [3,500 hr], we read from the graphs that the upper
W
0 confidence 1limit at y = .8 is B g = 2175 hours. If T, assumes larger
) :
Y
';“ values there is an indication that 6 is larger. For example, if TR =
Y
e 2.00 [3,500 hr] then the confidence interval is (2,450, 3,175).
o
8
R 5. Computing the Distributions of Stopping Times
\
J;] Let Xn(t) designate the total number of failures of the n units
i; on test, during the time interval (0,t]. It is assumed that {Xn(t);
}): 0 < t} is a homogeneous Poisson process with mean of A = n/6 failures
;N} per time unit, where 6 is the MIBF of a single unit. The graphs of
"
}j Xn(t) are non-decreasing step functions, with jumps of size 1 at the
.
Q{ random failure times.
- The boundary line bR(t) assumes integer values on [0,t*] every A
\:ﬂ: units of time, where A = 1/b. Accordingly, let t; = iA (1 = 0,1,2,...,k0 + ks).
.r-l
R The graph of Xn(t) can cross the upper boundary bR(t) at any time t, but
- Xn(t) can cross the lower boundary bA(t) only at the time epochs
4 '
j{j ti’ i> ko. Copsider the time interval (O,t1]. Xn(t) could have crossed
utf upper boundary bR(t) at some point T, 0 < T < t < tys if and oniy if
Xn(t) > kl + 1. Accordingly, if we denote by Pos(j;A) the CDF of the
-/."
;é: Poisson distribution with meaa A, at a point j, and by p(j;2) the
‘ﬁp corresponding probability distribution function (PDF); i.e., p(j;A) =
‘& “A 3 J
55 e "A°/j!, and Pos(j;A) = I p(i;A), then
< =0
:-“‘:I: F (t) =F R(r) =1-Pos(l,;25), 0<t<t,. (5.1)
-y 6 6 "1ve - 1
i)
PF
o Define the defective probability distribution function
..::'; . < r =
N g, (35t) = PglX (t) = j§, T2 t}. (5.2)
L
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It follows that, for every j = O""’kl’

. - y
ge(j.tl) = p(j,8 tl), 3 o,.u.,xl. (5.3)

Furthermore,
kl

n
Pe{T > tl} = jio ge(t;tl) = Pos(kl; E~tl). (5.4)

To derive the distribution for t values preater than tl we utilize the

property that the Poisson Process is an increasing process of independent

increments. Thus, for every 2 < i < ko, we apply the recursive equation

,
J n

120 8otir; 1)PG = 25 2 4), 0<y<k +1-2

Bg(dsty) = (5.5)
+i-2

Hz

. - 2.8 = -

\.
Like in (5.4), for every i = l,...,ko,
k +i-1
Polt > ci} = jEO gp(dity). (5.6)

Furthermore, for every 2 i< ko,

< < = > - > .
Ple, j <1< t,} Polr > e, ) Polr > ¢t} (5.7)
k +i-2
= z [86(J;ti_1) - gg st )] - Bo(ky +1 - 15¢)),
j=0
and
FG(ti) = Fﬁ(ti-l) + Pﬁ{ti—l <1< ti}, 1<ix< ko (5.8)
- 11 -
o v e s T L NS L T T
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where t, = 0 and FG(O) 0. Notice that for every i < kO -1, FGR(ti) =

n

Fe(ti). However, at i k

0)

A
Fg (e, ) = go(0,t, ) (5.9)

k0 0

and

R A
F.o(t, ) =F, (t, ) -F."(t
3] ko 3 ko ) ko

). (5.10)

ty is the first jump point of FeA(t). The value of Fe(t) at any

0
ti-l < t-fti’ i-= 1,...,k0, can be determined from the previous formula
)

W by substituting t for t

0 i in (5.5) - (5.8) and replacing & with (t-t

i-1
in (5.5). The corresponding PDF of FO(t) can be derived from the above

formula by differentiation. Alternatively,we can write for ri—l <t< ti'

kl+iw2
Fg(t) = Fg(r, ;) + QE-O ggs t, M1 -
(5.11)
n
Pos(k1 +1i-1-2; 6—(t - ti—l))]'
Differentiation with respect to t yields the PDF, for ti—l < t< ti,
0 Y 22 ge(l; ti_l)P(kl +4i-1- 4 E(t - ti-l))’
=0
fe(t) = 4 if i = 2,...,ko. (5.12)
g Plkys ¢ t), if 1= 1.
\

¢

We assumed that ks > ko + k,. Consider now the time interval

> otk

[0 t, <t<t

Y k., - - "k -k.. In this interval the two boundary lines b_(t) and b, (t)

[~ 0 s 1 R A

.ji are parallel. On this interval we define for every 1 <1< ks - k0 - kl,
*©

'

0y - 12 -

A
7

.......

..........................
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'i A ge(j;tk +l) =

e
'J
ot ol
o

. ~g: B
. g(z,tk0+i_l)p(j 23 g b) 1< 3<k gtk +i-2

-
n e

2

Kk, +i-2

TV I WO T WREWT-RR T LATLNTY R TTR R TR

(5.13)

.;)’ 071
N I g@; t, . )D(ko +x +1i-1-¢; 20, Jekotk, +i-1

KN 17!
;' =1 ko+l 1 1 e

‘&‘; The probability of acceptance at t is
k0+1

iy PolT, = 1 44 = g Uiy, ),

8' A "k +i k +1

and

A A
AL IS (4.

3 Fy (tko+l) Fe (tk0+i-l) togg ity 4y
T2 .

As before, we can write,

oo Kotk +i-1
i 0 1™

T

- p{t>¢t .} = z gt )
- -+ ’ ’
) 6 ko i jei+1 ko+i

Cu and hence

\Ia ktk +i-2

< p { <1< )
e 0 % +i-1 N tko+1

o 0 ; 8, 33ty 459)

i 0

[ e ]

Ly, - z g, (Gt L) =g (it . o)
) a“:"}’. j=i+1 v} ko+1 3] k0+1 1

b
?5‘ gtk +i-2

;'f# b s . - 5
) F-ING _4) = 8,0t )]
N o gegn B kgH-L 60 "kt

).

0 1 Pk i

["f’ -~ g (k. +k, +1i-1:t
, 6
. 0

R - 13 -

.w‘ . N
MR URERT LT RPN

(5.14)

(5.15)

(5.16)

(5.17)

ST TR AR LT e T R 'TT1

|
|
1
J
|
|
i
1
1
|
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But since Pe{TA =t +i} = gyl L),
0 0
< T <
Pe{tk0+i-1 R tk0+i} (5.18)
k0+k1+i—2
= z CNGH ) - g3t )]
’ +i- ’ +
y=1 6 ko i-1 3] ko i
-ge(ko + kl + i - 1;tk0+i).
o Adding this increment to the value of FeR(t) at t L., Ve obtain the
g 0
;%ﬁ value of FeR(t) at by 41 We can also write, for every tk +i-1 <t< tk +{
0 0 0’
Fa
)
L R R
g Fg (t) = Fg (t, ., )+
g 0
:‘\ (5.19)
",\‘ . ] -
f‘ k0'¢k1+1 2 .
2. - -1-9%; = - .
b By (st 4y )[1 - Pos(ky + k) + 1 -1 P 5 (t - € 44171
) Q/Ei 0 0
]
bl
N This formula yields by proper differentiation the PDF, for
t <t<t
+i- ’
E ko i-1 ko+i
\-‘) -
2 . k0+kl+i 2
~ fo(t) = 3 Ioogglsty 4y )
o g=1 0
N (5.20)
o, n
,! Pllg + ky +4 = 1= &5 2 (t -t . ).
T 0
:_\
jg Finally we consider the interval tks_kl <ts tks+ko_l. On this interval
Mg
!! the upper boundary bR(t) is the constan. ks. The functions gG(J;tks-kl+i)
“
¢i are determined recursively, according to the formula, for every
Ty _ _ < _ «
B ks kl ko +1 <3< ks 1, |
ol ‘}
o
[ ]
2.
N - 14 -
>
%
5
S
Py . S L O -,‘)‘
WA S s K RN l e 2 A
i : Jt':l'. ﬂu ...ﬂh;":("_‘i"' %K.A.E‘L{L‘mm.{b{ﬂ _‘LIAAAJ‘ALAAT.‘..A}_AJ.L.LML u_aunilh'hiﬁw'a ﬁhﬁdﬁﬁkﬁtj

g
.
%:
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h
n
g (35t _ ) = z g (Rt _ _p(3 - 252 8),
6 k -k, + ek =K.k +1 8 k -k +i-1 8
s 10
(5.21)
1<1<ky+k -1
From this one obtains immediately that
Polty = b i +a) = Bolkg ~ K ~ Ky + 45t 4 4y (5.22)
s 1 s 1
and
Polty ck 41-1 TS Ty k41!
s 1 s 1
= gylkg = ko = ky +d5e o4 y) (5.23)
s 1
k -1
8
+ z le (st 1) - g (st )],
=k -k -k +i41 O  KgTkyHi-=l 67 kgkyHi
s 01
Accordingly,
A A
F (t, _ ) = F “(t _ ) +
6 "k o~k +i 6 "k -~k +i-1
(5.24)
Bglkg = k) = kg + 456y 44
s 1
and
R R
F (t ) = F_(t . 4) +
6 "k -k H 6 "k -k +i-1
(5.25)
k -1
s
) [ge(i;tks—kl+i-1) - ge(z;tks_kl+i)].
L=k -k, -k.+i
e 10

- 15 -
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For values of t in the interval (tks_kl+i_1,tks_k +i) we obtain

1
R R
Fo (8) = Fg(ty 4 4y t
s 1
(5.26)
k ~1
S n
pX g, (Lt J[1 - Pos(k_=-1-28; =(t -t _ M
Lok -k.-k +i 3] ks k1+1 1 5 6 ks k1+i 1
s 10
and
k -1
n s
£.(t) = ¢ z g 2t ).
0 6 Q'ks'kl_ko+i J ks kl+i 1
(5.27)
plk_ - 1-2; 3 (£ -t ))
Pikg ) k -k, +i-1’""
s 1
6. The Expected Stopping Time (ATL)
The expected stopping time, or average test length (ATL) is
given by
tk0+k
E {1} = S tdF(t)
6 $]
0]
k -1
5
= I t . pP{t, =t .
4=p ko*ti 6 A kot (6.1)
j".' L kotk -1 5, )
0 + I tdFy" (t).
e Vet -1
T,
20
Lo The first term on the r.h.s. of (6.1) is equal to
o,
i k -1
:':"": Aoy - 3 4 ) (6.2)
A E 1) = t g 3t . .
0 8 og kgt BTk H
.'&':'7_

o R
y Ll

LA
LSRRy
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The second term on the r.h.s. of (6.1) is expressed as a sum of three

R R R
components, El,e R E2,8 and E3,8 » Where

k
0 t
ER = I v tdF R(t),
1,6 v=1 Jt 0
v=1
N ks-kl tv . (6.3)
E, 5 = )} g tdFe (t),
v=k0+l tv-l
and
o ks+k0-l tv o
E3 6 = z ¢ tdFe (t). (6.4)
’ V=ks—k1+1 v-1

The following result is applied in the development of the formulae for

EiR(i = 1,3); namely,

ty
j’ tp(35A (e = £, ))dt =
t

- (6.5)
t
= =L (5 + 1A - Pos(giaa)) + YHIED (1 - posy + 1;00)).
A

According to (5.12) and (6.5),

k k +1-2
E = )

1,6 (k, +3i - 2)-

ti1'%

n™~Mo

z ge(i;t

1 =0 i-1

1 (6.6)

(1 -Pos(k, +1 -2 -1; 2o +& (k, +i- 0k, +1+1-28).
1 6 n 1 1

(1 - Pos(k1 + 1 -2 g— N}

- 17 -
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For ER we use (5.20) and (6.5) and obtain the formula:

k -k.-k. k.+k +i-2
s 1

R 0 01
3 = z g, (s v, . J).
2,6 fe1 fei 0 ko*i-1
g o}l
{tko+i_1(k0 tky+1-8)[1 - Pos(kg + k) +1-1-2;58)] (6.7)
Q - - ~ 0.0 Ay
+ = (k0+kl+i 2)(ko+kl+i+l-—2)[1 Pos(k0+k1+i Lig A1),

Finally, from (5.27) and (6.5) we obtain

. kotk -1 k-1
E = ) i g3t ).
3,6 i=1 L=k -k.-k. 41 O kg -kyi-1

s 1 0

.n

{Lks_kl+i_l(ks - Y[1 - Pos(k_ - 1 - &35 A)] +
0 n
- (kq - £)(ks +1-2I[1 - Bos(kﬂ -4 g A)1}.

Formulae (6.2), (6.6). (6.7) and (6.8) yield the expected stopping time.

7. Concluding Remarks

As shown in the previous sections, in order to determine a lower
confidence limit for the MTBF, 6, after stopping according to the rules
of sequential life testing, one has to graph the percentile points

(6), of the distribution F A(t) as a function of 6. This requires

A0 9
the tabulation of the distributions FeA(t), FBR(t) and Fﬁ(t)’ for various

values of 8. In the Appendix we provide a BASIC program for the computa-

tion of the cumulative distribtutions FeR(t), FeA(t) and Fe(t) for

4
s

o

various values of 6. Aiter compilation, it has taken about five minutes

..

4
e
A

to run this program on an 1BM PC, with five different values of 6.

’1'
r};‘é P o o
e Bl 7]
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By changing the parameters k 3 ks and b of the stopping boundaries

0’ 1’
one changes the characteristics of the procedure. Thus, if it is desired
to change the acceptance probabilities T(§) or the average test leangth,
ATL(8), it is possible to try different values of the boundary line

parameters ard examine the resulting graphs of m(6) and ATL(O).

Pl el P
(o ol &
AR 7

o
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APPENDIX
BASIC PROGRAM FOR THE COMPUTATION
OF THE DISTRIBUTIONS OF STOPPING TIMES
FRINT " A PROGRAM FOR COMFUTING THE CHARACTERISTICS OF THE DESIGN"

FRINT " insert values of n.kO,kl,.ks,b in order”
INFUT NEO.K1,KS,B

KE=FS-F0-k1

b BF=FE+1:KBEM=tE-1
FiF=k1+1zk1M=k1-1

ESP=FS+1: KSM=kS5~-1

DLT=1/R

DIM H(KESF) ,G(KSF) ,FT(KS) . FC (KS+EQ)
TET1=3500

FOR TET=1500 T0O 5500 STEF 1000
W=TET/TET1

TO=FOQ¥DLT

LFRINT USING" ## ## ## H## #HH.#  ##HE8" N, KO KL ,,KS, B, TET
HET=DLT*¥N/W

LAM=HET

FOR I=0 TO kKS

IF 1> K1 THEN GO10 230

M=1

GOSUE 1300

FI=FS

M=M-1

GOSUE 1200

H(I)=FI-FS

GDTO 240

H(I)=0O

NEXT 1

M=}.1

GOSUE 1Z00

CDF1=1-F§

FC (1)=CDF1

T1=DL7

LFRINT USING " #.#4 #.H#4HH#48"; T1,CDF1
FOR I=2 TO kO

EI=b1+1

FIF=t1+1:b IM=t1-1

FOF J=0 TO +HIM

SUMI=0

FOR L=0 TO J

JL=J-L

M=JL: GOSUE 1300

FI=FS

M=M-1: GOSUE 1Z00
SUMJI=SUMJI+H (L) ¥ (F]1-F5)

NEXT L

- 21 -
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450 G (J)=8UMJ

460 NEXT J

470 FOR J=K1 TO KES

480 G(J)=0: NEXT J

490 TI=IxDLT

S00 TUM=0O

510 FOR L=0 TO (KIM-1)

SZ20 TUM=TUM+H (L) -G (L)

ST0 NEXT L

540 CDF1=CDF1+TUM-G (KIM)

w50 FC(1)=CDF1

SES IF I=kQ THEN GOTO 570

560 LFRINT USING" #.## #. 848848 "1 TI,CDF1
570 FOR J=0 TO kS

580 H((J)=6(J)

S90 NEXT J:NEXT I

600 FT (0)=H(0) : CDF2=FT ()

610 CDFT=CDF1+CDF2

620 LFRINT USING " #. ## H.HHEHY H.HEHY #H.H#HEHE";TI.CDF1,CDF2,CDFT
630 FOR I=1 TO KE

640 FOR J=0 TO I

&S0 IF J<I THEN G(J3)=0

660 NEXT J

&70 EI=EO+E1+I: HIM=KI-1

6530 FOR J=1 T0O KIM

690 SUMI=0

700 FOR L=1 TO J

710 JL=J-L

720 M=JL: GOSUEBR 1300

730 FI=FS

740 M=M-1 :GOSUE 1200

750 SUMI=SUMI+H (L) Y (FI-F&)

760 NEXT L

770 G (J)=5UMJ

775 NEXT J

780 FT(I)=6(1)

790 CDF2=CDFIZ+PT (1)

80U TI=TI+DLT

810 TUM=0O

820 FOR L=1 TO <« IM-1)

870 IF L=1 THEN TUM=TUM+H(L) ELSE TUM=TUM+H(L)-(5(L)
840 NEXT L

850 CDF1=CDFI1+TUM-G(LIM)~FT (1)
860 FC(HO+1)=CDF1: CDFT=CDF 1+CDF2
870 LFRINT USING H.HH H.HHHH H.HHEH H.HHHB "3 T1,CDFI,CDFZ,CDFT
s FOR J=0 TO +S

890 H{J)=6(J): NEXT J:NEXT 1

Q00 FOR I=KBF TO t.8M

- 22 -

.
g « “ - - - - - - . . - -,
N N L KRR RS

’."\‘.-;,‘ NI P A SRy ".: et
mALAA e ba e '_A‘)" Aeedh, s _A".‘.'_A-A‘A_._“J R




TN WL RTINS N R R T T Y T T e TR e Ry AT e T T e T e ] R e T W

T R TR T T

T-506

910 FOR J=0 TO (I-1)

P20 G(J)=0 :NEXT J

930 FOR J=1 TO ESM

Q40 SUMI=0

950 FOR L=I TO J

P60 JL=J-L

570 M=JL: GOSUE 1300

980 FI=FS: M=M-1: GOSUE 1300

990 SUMI=SUMI+H (L) ¥ (FI-FS)

1000 NEXT L

1010 G(J)=SUMJ :NEXT J

1020 FT(I)=G(I)

1030 CDF2=CDF2+FT (1)

1040 TI=TI+DLT

1050 TUM=0

1060 FOR L=1 TO KSM

1070 IF L=1 THEN TUM=TUM+H(L) ELSE TUM=TUM+H(L)-G (L)
1080 NEXT L

1090 CDF1=CDF1+TUM-FT (1)

1100 FC(KO+I)=CDF1: CDFT=CDF1+CDF2
1130 LPRINT USING " #.## H$.HEHH H.HH#Y #.HH#H¥":TI,CDF1,CDF2,CDFT
1120 FOR J=0 TO KS

1130 H(J)=G(J):NEXT J:NEXT I

1140 ASN=0

1150 KESV=KS+H(O

1160 FOR I=1 TO (KSV-1)

1170 TI=I¥DLT: LI=1-HO

1180 IF 1= KO THEN ASN=ASN+TI¥FT(LI)
1192 IF I=1 THEN FF=FC(1) ELSE FF=FC(1)-FC(I-1)
1700 ASN=ASN+ (TI-DLT/2) %FF

1210 NEXT 1

1220 OCFP=CDFZ

1270 LFRINT USING " ocp=#. H#H# asn=#.##" ; OCF,ASN
1275 NEXT TET

1250 END

1300 IF M<O THEN FS=0

1210 IF M<0 THEN GOTO 1400

1320 FR=EXF (-LAM)

1220 IF M=0 THEN FS=FR

IS0 IF M=0 THEN GOTO 1400

1255 CF=FR

1260 FOR EFP=1 TO M

1270 FR=FR¥LAM/EF

1380 CF=CF+FR

1390 NEXT FF

1295 FS=CF

1400 RETURN

- 23 -

,

» e et e .’..:.‘:."._n -:"'.)'f.r_ _.’J
B R A > N4 “w™ s e - oWt
« PR VLT TR v ¢ :\'\&n"\ = o m




LA el A ik ol AR e i it e are St diaiss

olubs Ak el tucd Tase 25 - 0% gt o SRR S A ~
R 5 Ea i A8 s LAl I NLA A RN B e Sod sin 2Ta°2 D T W T T W W 7T ) 6 vy Ty ey e e

OFFICE OF NAVAL RESEARCH
STATISTICS AND PROBABILITY PROGRAM

BASIC DISTRIBUTION LIST

FOR
UNCLASSIFIED TECHNICAL REPORTS

FEBRUARY 1932

Copies Copies -
Statistics and Probability Navy Library
Program (Code 411(SP)) National Space Technology Laboratory
Office of Naval Research Attn: Mavy Librarian
Arlington, VA 22217 3 Bay St. Louis, MS 39522 1
Pefense Technical Infcrmution U. S. Army Research Office
Centar P.0. Box 12211
Cameron Station Attn: Dr. J. Chandra
Alexandria, VA 22314 12 Research Triangle Park, NC
27706 1
Commanding Officer
Office of Naval Research Director
Eastern/Central Regional Office National Security Agency
Attn: Dfrector for Science Attn: RS51, Dr. Maar
Barnes Building Fort Meade, MD 20755 !
495 Summer Street
Boston, MA 02210 ‘ 1 ATAA-SL, Library
U.5. Army TRADOC Systems
Commanding Officer Anajysis Activity
Office of Naval Research Department of the Army
Western Regional Office White Sands Missile Range, NM
Attn: Dr. Richard Lau 88002 1
1030 East Green Street
Pasadena, CA 91101 i ARI Field Unit-USAREUR
Attn: Library
U. S. ONR Lfafson Office - Far East c/o ODCSPER
Attn: Scientific Director HQ USAEREUR & 7th Army
APQ San Francisce 96503 1 APQ New York (9403 1
Applied Mathematics Laboratory Library, Code 1424
David Taylor Naval Ship Research Naval Postgraduate School
and Development Cegter Monterey, CA 93940 ]
Attn: Mr. 6. H. Gleissner
Bethesda, Maryland 20084 1 Technical Information Division
Naval Research Laboratory
¥ Commandant of the Marine Coprs Washington, DC 20375 ]
= (Code AX)
Attn: Dr. A. L. Slafkosky 0ASD (1&L), Pentagor. _
e Scientific Advisor Attn: Mr. Charles S. Smith
K Washington, DC 20380 1 Washington, DC 20301 1

L W WERY SE g Al " 3 i




L

H TR T TR TR I T g Ty K e s e ore 0 e ~
L RRATYR YT - U

Copies

Director

AMSAA

Attn: DRXSY-MP, H. Conen

Aberdeen Proving Ground, MD 1
21005

Dr. Gerhard Heiche
Naval Air Systems Command

(NAIR 03)
Jefferson Plaza No. |
Arlington, YA 20360 1

Dr. Barbara Bailar

Associate Director, Statistical
Standards

Bureau of Census

Washington, DC 20233 1

Leon Slavin

Naval Sea Systems Command
(NSEA OSH{

Crystal Mall #4, Rm. 129

Washington, DC 20036 1
B. E. Clark

RR #2, Box €47-B

Graham, NC 272%3 1

Naval Underwater Systems Center

Attn: Dr. Derrifll J. Burdelon
Code 601

Newport, Rhode Island 02840 1

Naval Coastal Systems Center
Code 741

Attn: Mr. C. M, Bennett
Panama City, FL 32401 ]

Naval tlectronic Systems Command
(NELEX 612)

Attn: John Schuster

National Center No. 1

Arlington, YA 20360 1

Detense Logistics Studies
Information Exchange

Army Logistics Management Center

Attr: Mr. J. Dowling

Fort Lee, YA 2380} )

. . . . - “..'. a B N
. - » T ' :
LI I I N . S o
e ST S SRR S T N W N PO R T

T ey ey s

e o B e o e R A ey
' [ revamae S—— .
oY v oW T v . IR

Copie

Reliability Analysis Center {RAC)
RADC/RBRAC
Attn: I. L. Krulac
Data Coordinator/
Government Programs
Griffiss AFB, New York 13441

Technical Library
Naval Ordnance Station
Indian Head, MD 20649

Library
Naval Ocean Systems Center
San Diego, CA 92152

Technical Library

Bureau of Naval Personnel
Department of the Navy
Washington, DC 2037C

Mr. Dan Leonard

Code 8105

Naval Ocean Systems Center
San Diego, CA 92152

Dr. Alan F. Petty

Code 7930

Naval Research Laboratory
Washington, DC 20375

Or. M. J. Fischer

Defense Communications Agency
Defense Communicationc Engineering
Center

1860 Wiehle Avenue

Resteon, VA 22090

Mr. Jim Gates

Code 9211

Fleet Material Sunport Office
U. S. Navy Supply Center
Mechanicsburg, PA 17085

Mr. Ted Tupper

Code M-3NC

Military Sealift Command
Department of the Navy
Washington, DC 20330

R s - WY N SN, S



